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Kane Deering, Anna C. Callan, Richard Prince, Wai Lim, Peter Thompson, Joshua Lewis, Andrea Hinwood, and Amanda Devine This journal article is available at Research Online: https://ro.ecu.edu.au/ecuworkspost2013/4068 Introduction Cadmium is a widespread heavy metal released in industrial and agricultural processes and has been associated with many serious chronic diseases (Nawrot et al., 2010) . Environmental exposure to cadmium is mainly due to exposure to tobacco smoke and diet, with diet being the main source of cadmium in non-smokers (Nawrot et al., 2010) . Low environmental exposure to cadmium has been found to increase the risk of adverse health outcomes including decreased bone mineral density (Gallagher et al., 2008) , impaired kidney function (Olsson et al., 2002) and various cancers (Åkesson et al., 2012; McElroy et al., 2006 ). An Australian study by Hinwood et al. (2013) , examined exposure in 173 pregnant women and reported that one third had urinary cadmium concentrations ≥ 1 µg/g creatinine, which indicated an increased risk of health effects in this population. In older Australian women lower concentrations of urinary cadmium were reported, however, an association between urinary cadmium and decreased bone mineral density was still present at this low level of exposure (Callan et al., 2015) .
A limited number of longitudinal studies of cadmium exposure, all-cause mortality and cardiovascular disease have been conducted, with most studied cohorts residing in the United States (Menke et al., 2009; Tellez-Plaza et al., 2013aa; Tellez-Plaza et al., 2013bb; Tellez-Plaza et al., 2012) or Japan (Nakagawa et al., 2006; Suwazono et al., 2014) .
A recent meta-analysis calculated overall HRs for all-cause mortality (6 studies) and CVD mortality (5 studies) associated with increased urinary cadmium to be 1.44 (95% CI 1.25, 1.64) and 1.57 (95% CI 1.27, 1.95), respectively (Larsson and Wolk, 2015) . When the analysis was restricted to the four studies that had undertaken subgroup analysis by sex, the HR for all-cause mortality for women in the highest vs lowest category of urinary cadmium concentration was 1.50 (95% CI 1.08, 2.08) (Larsson and Wolk, 2015) . A US study using the NHANES cohort concluded that cadmium exposure was associated with an increased risk of all-cause and cardiovascular disease mortality among men, but not women (Menke et al., 2009 ). An analysis of the 1999-2004 NHANES cohort found no differences in the association between cadmium exposure all-cause and CVD mortality by sex (Tellez-Plaza et al., 2012) . A more recent systematic review of populations with low to moderate levels of cadmium exposure, however, found similar associations between cadmium exposure and cardiovascular disease between men and women, but the relationship was not significant for women (Tellez-Plaza et al., 2013cc) . Conversely, a longitudinal study conducted in a cadmium contaminated area of Japan suggested that high levels of exposure to cadmium led to excess risk of mortality among women but not in men (Uetani et al., 2007) . Whilst sex specific risk was suggested in these studies the results were inconsistent and the differential associations by sex may represent chance findings. Barregard et al., (2016) investigated the relationship between blood cadmium and incident cardiovascular disease (CVD) in men and women in Sweden and found increased hazard ratios for all CVD events for participants in the highest exposure quartile.
Mechanistically, cadmium exposure has been shown to elicit endothelial damage both in vitro and in murine models, with accelerated plaque formation observed (Knoflach et al., 2011; Messner et al., 2009) . Cadmium exposure was found to be associated with the development of atherosclerotic plaques in 64 year old Swedish women after a 5 year follow up (Fagerberg et al., 2012) , thus providing evidence of the pro-atherogenic potential effects of cadmium exposure.
Longitudinal studies of cadmium exposure and mortality are scarce, particularly in those with low levels of exposure. Given that women are known to have higher levels of cadmium exposure (Vahter et al., 2007) the contradictory results regarding the association between cadmium exposure and all-cause and CVD mortality in women, suggests that more studies focussed on women are warranted, especially older women. Furthermore, there have been limited studies on the relationship between cadmium exposure and non-fatal cardiovascular events.
CVD remains the number one cause of mortality in Australia and globally (Australian Bureau of Statistics [ABS], 2014; World Health Organization [WHO], 2013). Therefore, it is important to identify factors that increase the risk of developing CVD. The objective of this study was to examine the association between cadmium exposure and the incidence of mortality, cardiovascular mortality and (non-fatal) cardiovascular events in 14.5 year follow up of 1359 elderly Western Australian women. Coronary heart disease (CHD), stroke or cerebrovascular accident (CVA), heart failure (HF) and peripheral arterial disease (PAD), collectively known as atherosclerotic vascular disease (ASVD), were examined, as well as all-cause mortality.
Methods

Study population
Participants of this study (n = 1500) were women randomly recruited in the Perth metropolitan region from the Australian electoral roll in 1998. They were initially randomised into a 5-year, double-blinded, placebo-controlled calcium intervention trial of 1.2g of elemental calcium in the form of two tablets of calcium carbonate taken daily, or an identical placebo (Prince et al., 2006) . Participants were aged ≥70 years, ambulant and expected survival of at least 5-years. Participants were then followed for an additional 10year observational extension study using the WA Data Linkage System (WADLS). At baseline written informed consent was obtained from all participants for the study and access to electronic health records. The Human Research Ethics Committee of the University of Western Australia approved the study protocol and consent form (approval number 05/06/004/H50). The Human Research Ethics Committee of the Western Australian Department of Health (DOHWA HREC) also approved the data linkage study (approval number #2009/24) and Edith Cowan University approved the current analysis (project number 12120).
Biochemistry
Baseline second morning void urine samples were collected in 1998 from 1359 participants, frozen and stored at -20 °C and available for analysis. These samples were collected when participants attended a clinic appointment. Participants had all been advised to be well hydrated prior to the appointment. In 2014, samples were thawed and prepared for metals analysis at Edith Cowan University, Joondalup, Western Australia. Metal free polypropylene tubes and pipette tips were used during sample preparation. Four hundred microlitres of urine was diluted 1 in 10 in 2% nitric Acid (Suprapur, Merck). Seven standards were prepared over the range of 0.02 to 500 mg/L in 2% nitric acid from stock standards containing elements of interest. An internal standard (containing Sc, Ge, Y, Rh, Te), was also prepared along with certified reference material (urine ClinChek level I and II, Recipe). The standards and controls were then diluted as per samples. Simultaneously, verification standards ICP-MS-E (High Purity Standards) of 2, 50, 100 mg/L were prepared in 2% nitric acid. The samples were analysed on a Thermo Fisher iCAP Q ICP-MS using an autosampler (Thermo Scientific Inc., New York, United States). New peristaltic pump tubing was used with each batch and the rinse solution used was Merck Nitric acid 2% Suprapur with 50 mL/L of Triton X (Merck). Calibration checks were run every 20 samples; if check samples outside calibrations, new calibration was performed. New calibration curves were run routinely every 60 samples.
Urinary creatinine was measured by the Jaffe reaction using an Abbott Architect c16000 auto analyser (Abbott Laboratories, Illinois, USA). Urine specific gravity was measured using an Atago Master Refractometer (Atago Co., Tokyo, Japan), at the School of Medical and Health Sciences, Edith Cowan University.
A Hitachi 917 auto analyser (Roche Diagnostics, Mannheim, Germany) was used to measure total cholesterol, high-density lipoprotein cholesterol (HDLC) and serum triglyceride concentrations. Low-density lipoprotein cholesterol (LDLC) was calculated using Friedewald's method (Friedewald et al., 1972) . The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation was used to calculate estimated glomerular filtration rate (eGFR) using serum creatinine (Levey et al., 2009 ).
Baseline assessment
Smoking status was coded as non-smoker (i.e. never smoked) or former /current smoker (ever smoked) if they had consumed more than 1 cigarette per day for more than 3 months at any time in their life. Sixty women with a history of smoking provided incomplete smoking history records and were given a value of median pack years from the whole cohort. Body weight (kg) was measured using electronic scales (August Sauter GmbH D-7470 Albstadt 1 Ebingen) to the nearest 0.1 kg with participants wearing light clothes and no shoes. Height (m) was measured using a wall-mounted stadiometer (Holtain Limited, Crymych, Dyfed, Britain) to the nearest 0.1 cm without socks or shoes. Body mass index (BMI) was calculated using the following equation = weight (kg) / [height (m)] 2 . Prevalent diabetes and hypertension, and the use of cardiovascular medications (anti-hypertensive agents, statins and low dose aspirin) were available from the demographic questionnaire. Systolic (SBP) and diastolic blood pressure (DBP) were measured using the right arm, after the subject had been reclined and rested for 5 minutes, using a mercury column manometer.
Prevalent atherosclerotic vascular disease at baseline was determined retrospectively from hospital discharge data 1980-1998 using the Western Australian Data Linkage System (WADLS), a population-based data linkage system, using diagnosis codes from the
International Classification of Diseases, Injuries and Causes of Death Clinical Modification
(ICD-9-CM) (World Health Organization., 1977) . These codes included ischemic (coronary) heart disease (ICD-9-CM codes 410-414); heart failure (ICD-9-CM code 428); cerebrovascular disease excluding haemorrhage (ICD-9-CM codes 433-438); and peripheral arterial disease (ICD-9-CM codes 440-444).
Common Carotid Artery Intima-Media Thickness and Carotid Focal Plaques
Common carotid artery intimal medial thickness (CCA-IMT) and the presence of carotid focal plaques were determined at year 3 (2001) described elsewhere (Ivey et al., 2011) .
Briefly, six images taken from three different angles (anterolateral, lateral, and posterolateral) were examined and the CCA-IMT from each image was averaged to give an overall mean CCA-IMT and maximum CCA-IMT. A short-term precision study with repeat IMT measurements yielded a coefficient of variation of 5.98% as described previously (Bonnick et al., 2001) . The complete carotid tree (common carotid artery, carotid bulb, internal and external carotid) was then examined for the presence of focal plaque, defined as an area of focal increased thickness (≥1mm) of the intima-media layer. Severity of carotid plaque was further dichotomized by the degree of carotid stenosis as either none to minimal (<25%) or moderate to high (≥25%) (Wilson et al., 1997) .
Outcome variables
The Western Australian Data Linkage System (WADLS) provided linked data for the study. Revision, Australian Modification (ICD-10-AM) between 1998 and 2013, inclusive. The following ICD9-CM and ICD10-AM codes were identified and utilised as part of the study: coronary heart disease (ICD-9-CM 410-414, ICD10-AM I20-I25), heart failure (ICD-9-CM 428, ICD10-AM I50), peripheral arterial disease excluding haemorrhagic (ICD9-CM 440-444, ICD10-AM I70-I74) and cerebrovascular disease excluding haemorrhagic (ICD-9-CM 433-438, ICD10-AM I63-I69). All-cause mortality was not grouped. Outcomes relating to the incidence of non-fatal CVD events were also used, in addition to CVD mortality. The event outcomes (ASVD event, coronary heart disease event, heart failure event, cerebrovascular disease event, and peripheral arterial disease event) included the fatal cases as well as hospitalisations linked to the respective disease codes. The validity of the diagnoses of myocardial infarction from HMDC, CHD death from the death registry and heart failure from the HMDC have been previously reported (Jamrozik et al., 2001; Teng et al., 2008) .
Statistical methods
All statistical analyses were performed in IBM SPSS Statistics, Version 22.0 (2012, Armonk, NY: IBM Corp). Urinary cadmium was positively skewed and transformed using natural logarithm. Samples of urine that had concentrations below the limit of detection (LOD) (<0.05 µg/L) were assigned a value half of the LOD (Liu et al., 1997) .
Urinary cadmium concentrations were grouped into tertiles and changes in demographic and health characteristics across tertiles were determined using Kruskal Wallis and Chi-squared analysis. Logistic regression was used to generate odds ratios (with 95% confidence intervals) for the presence of carotid focal plaques. Hazard ratios (with 95% confidence intervals) were estimated for all-cause mortality, CVD mortality and CVD event end points using Cox proportional hazards regression. Urinary cadmium concentrations were introduced into regression models as tertiles or as continuous ln-transformed concentrations. The p value for the linear trend for the tertile models was calculated by running the models with the median urinary cadmium value for each tertile. Three statistical models were generated, with progressive adjustment for the following variables at baseline. Model 1 was adjusted for age and calcium treatment (yes/no). Model 2 was further adjusted for BMI, hypertension (yes/no), eGFR (ml/min/1.73m 2 ), prevalent ASVD (yes/no), diabetes (yes/no), low dose aspirin use (yes/no), statin use (yes/no). Model 3 was further adjusted for smoking status (ever/never) and cumulative dose (pack years). Participants were excluded if they had incomplete data for urinary cadmium or any of the confounders (for eGFR 132 participants had missing data, for BMI one participant had missing data and 7 had not responded regarding smoking status), leaving a sample size of 1219 in the final models. Models including urinary creatinine or specific gravity as a covariate were also run (supplementary data). As a sensitivity analysis Cox regression models were re-run excluding participants with urinary cadmium concentrations ≥10µg/L (n= 4), the findings remained unchanged (data not shown). Models were also re-run excluding participants with prevalent ASVD at baseline, to assess the relationship between urinary cadmium and incident ASVD.
Results
Urinary cadmium concentrations were low in this cohort with a mean concentration of 0.38 µg/L and median of 0.18 µg/L (Table 1) . Cadmium concentrations were below the limit of detection in 13.8% of participants. Only 18 participants had urinary cadmium concentrations ≥2 µg/L. Urine samples were second morning void samples collected when the participants were well hydrated and were dilute, with 73% of samples having a urinary creatinine concentrations of <0.3 g/L. Urinary specific gravity was also very low in this population (median 1.005, range 1.001-1.029). To avoid potential artificial inflation of cadmium exposure, the unadjusted cadmium concentrations are presented. However, models were also run including specific gravity and creatinine as covariates and these are presented in Supplementary tables 1 and 2.
The mean age for this sample of elderly women was 75.2 (± 2.7) years, with two thirds of participants being overweight or obese (BMI > 25.0 kg/m 2 ). One in five (23.2%) participants entered the study with prevalent CVD and one in eight had prevalent ASVD (13%). Thirty seven percent of participants reported being a current or former smoker, and significant increases in the incidence of smokers, and also the number of pack years smoked, were seen across the tertiles of urinary cadmium (Table 2) . A difference in estimated glomerular filtration rate (eGFR) was also apparent across the tertiles. Participants in the highest two tertiles of urinary cadmium concentration had higher concentrations of low density lipoprotein (LDL) cholesterol than those with urinary cadmium concentrations ≤ 0.115 µg/L, however, this relationship was not significant (Table 2) . Sixty two per cent of participants in the highest urinary cadmium tertile had hypertension at baseline, compared with 55% in the lowest tertile. Interestingly, significant differences in the presence of plaques, measured 3 years after baseline urine collection, were detected across the tertiles of urinary cadmium, with 45% of those in the highest tertile scoring positively for the presence of plaques, compared with 51% in the lowest tertile. Fifteen percent of participants had moderate to severe (≥25%) plaques identified at year 3 of the study. There were no differences in plaque severity across the tertiles of baseline urinary cadmium. Logistic regression revealed a decreased odds of having a plaque associated with increased urinary cadmium concentrations. In an adjusted model there was a 41% reduction in the odds of having a plaque for those in the highest tertile of urinary cadmium (Table 3) .
Over a 14.5 year follow up period 479 participants (39%) died, with the number of deaths due to ASVD, CHD, heart failure, PAD and cerebrovascular accident 256, 152, 71, 16 and 99, respectively. The number of events (including both hospitalisations and deaths) for ASVD, CHD, heart failure, PAD and cerebrovascular accident were 529, 316, 144, 69 and 207, respectively. In fully adjusted models, urinary cadmium concentrations were associated with cardiovascular disease events, with a ln unit increase in urinary cadmium concentration (equivalent to a ~2.7 fold increase) associated with a 17% increase in risk of heart failure events (Table 4 ). Urinary cadmium concentrations were also positively associated with increased mortality. In models adjusted for BMI, hypertension (yes/no), eGFR (ml/min/1.73m 2 ), prevalent ASVD (yes/no), diabetes (yes/no), low dose aspirin use (yes/no) and statin use (yes/no), every unit increase in ln transformed urinary cadmium concentration was associated with a hazard ratio of 1.11 (95% CI 1.02-1.20) for all-cause mortality, 1.13 (95% CI 1.02-1.27) for ASVD mortality and 1.37 (95% CI 1.12-1.68) for heart failure mortality (Table 5 ). However, when these models were further adjusted for smoking history, only the relationship between urinary cadmium and heart failure death remained (HR 1.36 (95% CI 1.11-1.67), demonstrating the importance of smoking as a confounder. In analysis using tertiles of urinary cadmium concentrations and adjusted for cumulative smoking dose, those in the highest tertile had an increased risk of heart failure mortality with a hazard ratio of 2.30 (95% CI 1.25-4.25), indicating a more than 2 fold increase in risk, noting the wide confidence intervals (Table 5 ). No significant relationships were observed between urinary cadmium and mortality or events for coronary heart disease, stroke or peripheral artery disease (Tables 4 and 5 ). However the numbers of cases of PAD related mortality was small (n=16) which precluded a detailed analysis (data not shown) and is likely to have made hazard ratios for this outcome unstable.
Urinary specific gravity measurements and creatinine concentrations were low in this cohort.
However, when either specific gravity or urinary creatinine were added as a covariate this attenuated the relationship between urinary cadmium and the outcomes total mortality, ASVD and heart failure mortality and heart failure event (HR 1.04 95% CI 0.95-1.14; 1.02 95% CI 0.90-1.17; 1.20 95% CI 0.94-1.54; 1.14 95% 0.96-1.35, respectively, including creatinine), (Supplementary Data Tables S1 and S2). Specific gravity was itself only a significant predictor in models for total mortality, ASVD mortality and heart failure mortality.
Sensitivity analysis was conducted by removing all participants with prevalent ASVD (n=152) at baseline from the models. Whilst no relationship was present between urinary cadmium concentrations and all-cause mortality or ASVD mortality, the relationship with heart failure mortality remained (multivariate adjusted hazard ratio comparing highest to lowest tertile of 1.99 (95% CI 1.02-3.89) and 1.96 (95% CI 1.00-3.85) for models 2 and 3, respectively). A second sensitivity analysis was conducted excluding participants with outlying urinary cadmium concentrations ≥10µg/L (n=4). The results and interpretation of the models was unchanged.
Amongst never smokers there was a 29% increased risk of heart failure mortality associated with a one ln unit increase in urinary cadmium, noting the wide confidence intervals HR 1.29 (95% CI 1.01-1.63). However, this relationship was also attenuated by adjustment for urinary creatinine (HR 1.19 (95% CI 0.72-1.97), indicating that the results must be interpreted with caution.
Discussion
In this cohort of elderly Australian women, urinary cadmium concentrations were associated with increased risk of heart failure hospitalisations and mortality, independent of age, smoking history and diabetes. The robustness of this association was confirmed in a sensitivity analysis excluding women with prevalent ASVD. However, attempts to adjust for urinary dilution weakened the associations between urinary cadmium and cardiovascular outcomes in this cohort.
The concentrations of urinary cadmium in this study were low, with a median concentration of 0.18 µg/L, indicating lower exposure than pregnant and older women in recent Australian studies (Callan et al., 2015; Hinwood et al., 2013) . In contrast to the work of Fagerberg et al., (2012) , no increase in the presence, or severity, of atherosclerotic plaques was seen with increasing urinary cadmium concentrations in this cohort. In fact, contrary to previous work, a decrease in the odds of having a carotid focal plaque was found to be associated with increased urinary cadmium. The reasons for this discrepancy are unclear, however, the Swedish study did report that the association between cadmium and atherosclerotic plaques was only present in multivariate models when blood cadmium, not urine, was used as the measure of exposure, which may indicate that recent cadmium exposure is more relevant to plaque prevalence than long term cadmium exposure. Similarly, no associations were observed between blood lipid profiles and urinary cadmium, which differs from the work of Kim et al., (2012) in a Korean population. Although there was a higher incidence of diagnosed hypertension at baseline in participants in the highest tertile of urine cadmium in this study, no association was observed between urinary cadmium and blood pressure similar to the results of Staessen et al., (2000) . One explanation may be the relatively high frequency of anti-hypertensive medication use in our cohort (43%).
In fully adjusted multivariate models, urinary cadmium was not associated with a significant increase in all-cause mortality in this cohort. Most of the longitudinal studies of cadmium exposure and all-cause or cardiovascular mortality which have presented results for women in cohorts from the US (both NHANES and native American communities) or Japan, with limited studies on cohorts outside these areas. The two longitudinal studies that analyse the NHANES cohort report non-significant relationships between urinary cadmium concentrations and all-cause, cardiovascular and coronary heart disease mortality in women (Menke et al., 2009; Tellez-Plaza et al., 2012) . In a cohort residing in a cadmium contaminated region of Japan, increased urinary cadmium was found to be associated with increased all-cause, cardiovascular disease and stroke mortality in women (Li et al., 2011; Nakagawa et al., 2006) . Similarly, an increased risk of all-cause mortality was reported in women in non-polluted areas of Japan (Suwazono et al., 2014) . In women from native American communities increased urinary cadmium was found to be associated with increased risk of incident cardiovascular disease, coronary heart disease, and peripheral artery disease, but not incident stroke or heart failure (Tellez-Plaza et al., 2013aa; Tellez-Plaza et al., 2013bb) . The reasons for differences in the results presented in this study are unclear, however, the native American women (1750 participants) were younger than those in our cohort, with a mean age at baseline of 55.9 years. A Swedish study of post-menopausal women reported an increased risk of peripheral artery disease with increased urinary cadmium concentrations. Despite the relatively small sample size in the Swedish cohort (458 participants), the number of peripheral artery disease cases (55) was greater than in our study which may explain our failure to observe an increased risk of peripheral artery disease or related mortality (Fagerberg et al., 2013) .
The mechanism by which cadmium exposure may increase the risk of heart failure is unclear.
Although not redox active, cadmium has been found to elicit oxidative stress in numerous studies. Chronic cadmium exposure has been found to promote oxidative stress and endothelial damage in rat aortas (Almenara et al., 2013) . Given that clinical and experimental studies have identified an increase in oxidative stress and reactive oxygen species in heart failure patients (reviewed by (Tsutsui et al., 2011) , this may represent a potential mechanistic pathway, however the relationship between cadmium exposure and heart failure requires further investigation.
There were a number of strengths to this study including the long (14.5 year) follow up period and the ability to analyse both fatal and non-fatal cardiovascular events. Several of the previous studies investigating cadmium exposure and cardiovascular outcomes have been restricted to cardiovascular mortality, which represents a distinct subset of cardiovascular disease events. Also by excluding participants with prevalent ASVD at baseline we were able to examine incident cardiovascular disease, although the relationship between urinary cadmium and incident cardiovascular disease was only significant for heart failure. There have been a limited number of previous studies which have focused specifically on the effects of low cadmium exposure in older women. Furthermore the ability to adjust the analyses for a number of baseline characteristics and known cardiovascular risk factors is a strength of the study. However it is possible that the lifetime cumulative effects of smoking may not have been adequately captured in the adjustment variables. Similarly, cotinine determinations were not available in the present study, thus residual confounding by second hand smoke cannot be discarded as a contributor to cadmium concentrations in these women.
In terms of limitations, as this is an observational study causality cannot be determined.
Secondly, in this study urine samples were morning second void samples from well hydrated participants. Thus a large proportion of samples were dilute with urinary creatinine concentrations <0.3 g/L, indicating that creatinine adjustment was not advisable in this cohort (WHO, 1996) . This lack of adjustment may have led to exposure misclassification and a failure to adequately adjust for kidney function, which is itself impacted by cadmium exposure. Regression models were adjusted for estimated glomerular filtration rate to try to adjust for (chronic) kidney function, however, given that the inclusion of either specific gravity or creatinine in the models as covariates attenuated the relationships between cadmium and cardiovascular outcomes (Supplementary Data Tables 1 and 2) this suggests that unresolved confounding from kidney function was present in this study. However given the fact that the women were elderly and likely to have reduced creatinine excretion and specific gravity (Davies et al., 2002; Moriguchi et al., 2005) , adjustment of urinary cadmium concentrations in this cohort may have led to overestimation of exposure, which is why a conservative approach without adjustment was adopted for the initial models, with further models presented in Supplementary data for completeness. Nonetheless, the fact that creatinine attenuated the associations between urinary cadmium and cardiovascular outcomes in this cohort indicates that the results are only suggestive and require confirmation in a cohort in which first morning void samples are available for analysis. Thirdly, most of the observed associations were became non-significant after adjusting for self-reported smoking history suggesting the association may not be independent of smoking history. A further limitation is that there was missing data in a number of the covariates used to adjust the models which led to a reduction in sample size and power, and may have introduced bias.
However the covariates included in the model were known predictors of mortality and cardiovascular disease and therefore allowed for a comprehensive analysis of the relationship of low cadmium exposure with all-cause mortality and cardiovascular disease, albeit in a reduced study cohort. Finally, for heart failure events and in particular heart failure deaths, there were few events. As such the findings should be interpreted with caution until the relationship between urinary cadmium and heart failure events can be confirmed in other prospective studies.
Conclusions
In this cohort of elderly women with low cadmium exposure, increased urinary cadmium was associated with increased heart failure mortality and non-fatal heart failure events over a 14.5 year follow up period, although adjustment for urinary specific gravity or creatinine attenuated these relationships, therefore the results must be interpreted with caution. The relationship with heart failure mortality was observed in never smokers, although residual confounding by second hand smoke exposure cannot be ruled out, these results suggest that low level (dietary) cadmium exposure may be associated with increased heart failure mortality in women, however given the dilution of the urine samples in this study these findings require confirmation in other cohorts. Given the low urinary cadmium concentrations in this study the results appear to support the concept that cadmium exposure may be a risk factor for cardiovascular outcomes, however the importance of confounding from kidney function was evident.
Fagerberg, B., Bergström, G., Borén, J., Barregard, L., 2013 per ln unit (equivalent to ~2.7 fold) increase in urinary cadmium. Further adjustment for urinary specific gravity had no impact on the interpretation of these models. 
